Patent [19] 

[11] Patent Number: 11097180 
[45] Date of Patent: Apr. 09, 1999 



[54] | ORGANIC ELECTROLUMINESCENCE ELEMENT 
[21] Appl. No.: 09258971 JP09258971 JP 
[22] Filed: Sep. 24, 1997 

[51] Int. CI. 6 H05B03314 ; C09K01 106; H05B03322 



[57] ABSTRACT 

PROBLEM TO BE SOLVED: To improve light emission efficiency and luminousity by 
holding at least one layer containing at least one kind of organic compounds having a 
specified structure, between a pair of electrodes. 

SOLUTION: This element comprises at least one layer containing at least one kind of 
compound represented by a formula I and being held between a pair of electrodes where 
R 1-R3, R5-R9respectively and independently show a hydrogen atom, a halogen atom, a 
cyano group, an arkyl group, a halogeno alkyl group, an alkoxy alkyl group, an alkoxy 
group, an aryl group of carbon ring type, an aryl group of complex ring type, an alkylthio 
group, an aryl thio group and the like, R4is a hydrogen atom, a cyano group, an alkyl 
group, an aralkyl, group, an aryl group of a carbon ring type, an aryl group of a complex 
ring type, or an alkenyl group, RIOand Rl lis a flourocarbon atom, an alkyl group, an 
alkoxy group, an aralkyl group, an aryl group of a carbon ring type or an aryl group of a 
complex ring type. 
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(1) 



Cs^ Ri > Rz , R 3 , R 6 > R s , R, , R 9 , 
R 9 tt«i«tHi£fc, Anyy|RF» IsT 

T)V-l^^)V7f.-)^ it {T)V3*i'7)V*)V) 7 

sy^tf-yi^ i^tr^-j^mi, R 4 li 
s/tv*, r;^;«, 77^;«, 

[i«*56] -^<omffist. s&ic, m^iiA^i* 

[OOOl] 
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[0002] 

mnmm^it. mm. a* 

**, f£f6ft*?£fBIi;*-t2-.g>{;:ii s XSKoAVEBMeil 

»EL*f) *«BB^§<t/S CAppl. Phys. Lett., 51 . 

913 (1987)^ . immuamt. nmtmt^ 

te&Hw&m*w&-i 1 1 iz j o » a^ofe 

*3te) ^jftjfe&f»riB-e*4. zcozo 

[0003] «3BIKtft|±S***i6t IX. %3K€ 
tLT, Witf. Mix (s-^yyy^-H r/PS 

**sr^ Mt;^ ( H-/^h ) t ixm^mm 
iMsmwrntztix^i a. appi. ph ys .. _65_. 

3610 (1989) ] . *fc, fUKJlt LTs M)X (8-* 

yyy^-h) r;P5^A^*^h^^t to 

(flitf. l, 3, 5, 7, 
f-;p-4. 4-y7;^n-4-^7-3a, 4a-^' 

*nt»«3l5*?TW8eK$*t"C ir^S (#^T9 - 1 1 8 8 
8 0*&«) . U>L^*>%. »4MltE«S*iTV^ 

»Zk#mi1i. Sfcteli. WBT9-1 1888 0 

1. 3, 5, 7, 8-^y^yf-;l,-4 N 4-^'7;^ 
D-4-*5-3a, 4a-^'rif-s-^yr-fey) 

s. 
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•t&ztx'$>&. 
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fcSofc. t%b*>. 

<D -»<0«aiBfc. TKHBW ( 1 ) <fc2)?a$ 

< 1 1 a^wtsi* . 1 1 
© -*« ( i ) ^mtihtt&toZttthmw. x 

© H« ( 1 ) Tssfisfcs********', § 
frE©~©£7)v^-rii*Hcie««*«sm^^i^^ 
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Hfc2] 




(1) 



r 9 \tzti?mMz. mm. t\ayvm^ vr 

/a, T/l^/wa, Aayvm;H, 7*3* i>7 
•J-*****. Ti/lVg:. 7)V3*~sti)ViK-)Vm. 

;ta. ^at^ru-^a. mm^7V-)vm. r>v 

->\&. 77)V*)\,**ui))V#-)Vm. TlV^&vi] 
>V7>Va* is*))V-#-)\<m. 7)V*)Vi])Vif.-)V 

jWrh^ ^7jm. nv^ivm. 7?)u*)\sm. &m 
awru-;u«» mmmrv-jvm. *fcfct7/i^- 

a, 7*3*5*. 75**>ua. *JI8IW7y-* 
[0007] 

tte-*w ( i ) x-mzti&^yyvntTyjMt&fa 



VuXTVML&kfcti^X. Rj.R2.R3> 
R 5 , R 6 . R 7 . R 8 . R 9 itZiifm&lz. 

m. Aoyyji^, vjjm. 7***a. ^nyy 

7***a. 7*3*;V7***a. 7*3 7 
*3*v7*3*j/a. 7'J-*jJ-*>'a. 7>-*a. 
7*3* i'tf**-;*.. i?7***7 S / #*jKx* 

a. 7***#*3Kx*7$ya. 7y-*j&**x* 
rsya. 7y-*7$/;&**x*a, tu-jw* 

^*#-*a. 7?***a. JH»K7y-*i«. 
«33f?5e7'J-*a. 7**/H-*a. 7'J-*?-* 

l> 7*7-***^#*tfx*a. 77*****;' 

a*j|fx**. 7*3 * iV#**X*7*3 * >-#** 

x*a. 7***#**x/P7*3*iv;$*;Kx;ia. 

(7*3*^7***) 75y#**x*2S. 
7*7x/wa£fiu *?2L<.i. Tkf&S?. 7*** 

a. iw«b*7y-*»&3rt-. 

[ 0 0 0 8 ] Rj . R 2 , R 3 , R 5 . R 6 » R 7 „ R 

8 &xvr 9 ommt lxu. *.mm-, y-vm. s 
m. m. 3*?m<r>^uyvm •, =/7/m ■, mm. 

*f-*a. x^*a. n-rot;l.i < iso-7ne*a. 
n-7f-*a. iso-7'^;Pa, sec-^;l^, t-^;U 
S> n-^yf-;wS N iso-^yf-^S, 2-yf-;P7''f-;P 
S> l-y^7*^;PS, neo-^yf-/!^ 1,2-^f-^ 
7*otT;US. l.l-yy^rat;^, cyclcw<yf-;l/ 

2-yf7i^yf-/i/g. l-y^i^y^i^, 3, 

2,2-^^^;^, 1.2-^'y^;^ 

xf-^7"f-;pa, l-xf-;pyf-;Pii. 1,2,24^^ 
yf-;l^> \,\,2-hV X*hlV7'1-)V&. \-x.+)V-2- y 
f-;PTPtr;i^ s cycio-^.=3fv-;us. n-^.r^-yi^. 2- 

a. n-*?^*. 2-xf-;t^dfx;l^. 2,5-v'y^ 

)V^ : y)Vm. 2,2,4-hUyf-;^y^-/PS. n-yx;P 
l,5,5-Y^)^)V^^)Vm. rt-TislVm. 4-X^- 
/^^^S. 4-xf-/U-4,5- i/t+iV^isMk. n- 
^yr^S. n-F-fx;ia. l,3.5,7-rh7.Xf7M" 
^f-;l^> 4-^f-;^^f-;wa> 6.6-^xf-;^^^ 

n-Th^Tv-^, n-^V^ry/ia. 3.5-^-Xf-^ 
^ta. 2,6-^-f;PA > 7'^a. 2,4-i'*y^;l^7* 
^■;ta, 2 > 2 ( 5 P 5-Th7^f-;^dri/;pa, 1-cyclo-^ 
yf-;P-2,2- isXWruWm. l-cyclo-^v';^ 

2,2- : JX*)V7uW£§vm&^ ftmtxtwfcn 
T^;wa ; 

[000 9] mUi. ^on^f-;ta. i/7no>f^ 
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*u7*)i>%mv»\uyjT)v*)i& ■ mm. 7 

^Xf-;^ N xhdf^xf-/^ iso-Totf/M-df >x 
&)V&, 3-7l-*v7n£;|,a % 2-7 Y*isf*f-)Vm 

31, iso-7>*^£ N sec-7|-3fS^ t-7"hdf^^ 

h*^*. 3-7h^Tn£7M-*>'g, 3-(iso- TO 

HEsflUtf* 7xy^fyi % 2-7f-^7x7*v-g s 
4-^^7x7^^, 4-t-7>/P7x7dfi^ 2-7 
h^f^7xy^fxS, 4-iso-TOtr^7x/*xg^<7) 
7y-/M-=*xS;0>U{f. sh^SiMK, 7-fe^/tX. 
X*7k$/M<x;|^ n-rneW/^/« % iso-7 
ot/l^/l^x/l^ n-7f-/Mr/P#x/l^ iso-7^- 

jVft-lVZk. n-^.Vf-)V*l)l>i£-)^ iso-^yf-;^ 
)V-#—)l>M, neo-^yf-;|/^;P,-Jf-;|^ N 2-7f7P7f- 

>vm-,mm, ^h^y^^/n, xh*i^# 

[ooio] mm. ^'7*^7$ siiivx-^ v 
xf-^r s 7 i))i>x-)vm, ^-n- ro t;pr s 7 

jifx/Wk =J- n - 7>;PT$y#;I/;tfx/l^ N-7f-/P 

T$Sti/\sX->\s£ ; mili. 7-fef-;y7$7S. 
)Vi])VX-iVT S , 7>/l^#x/t,7 S 7»&7) 
T^/^;l^x/i,T $ 7* ; 0|i tf , 7 x x;P7 S 7 
#;l^x/U£, 4-7 f-;y 7 x -)i>7 5 7 tf^tfx/^ 
2-7 h*i/73.-)VT$.;ti)VX-)Vm. 4-n-7Dt/k 
7xx;l^r 5 S*A*K=JimV)T U-^T 5 7^;^if 
-/l^;WI^(f, 7xX/t^#-/j/7»$7^ 4-xf- 
;1^7x-;^;bi<-^7S7I > 3-7*^/U7xX;^;p 
^x/l^r $ smmWT V -)Vi))Vifs-)VT $ 7S;^i. 
M, 7x7^f^;^;|^, 2-7f-;t/7x7df^^;l/ 
#x/P*. 4-^h^y7x7^y*/^-/H, 4-t-7* 
x 7^>-^;^x;PS#<7)T';-;l/jj-4f 

JKWivm. hFn^^yy*!, 7f-;Kyj/*;p 
4, ^7f-;Kys/;pg s hU7f-;K>'i;;^ 

/l^S, hU7^D7f-;^y^;PS, 77fvkXf-/P 
g s xhn77^-/P7f-/Pg s >-7777^/P7-f;P 
bFodf^7f-;M^-;hi N 7*/W7*;l/7* 



h y 7;^n7f-;W7f-;Mf-^^o77;P 



[OOlll^lt 7x^H, -hD7x^«, 
y7y7x-;« < bKn^y7x^«, 7^7 x 
-^*> v'7 -f ;i/7 x x/H^ M; 7 ^-)Vy x x/p£ N 
^do7xx;PS, ^hJfj/7x-;tf, xhdf.^^ 
i-'^ N^/^D^f^x-ZPi, N,N-^*7f- 
;PT577xx;^ 77f-;U«. _hnf7f;^ 
^7777^2, t h'Odf^77^* N 7-7VW7 
^-/l^. h 'J 7/^D7f-;^7^;l^co^i 5 s;r 

v-ivmmm. troy/nt. fi^;«, 77-/P 
4. **-tv>f/p£, -f y^ihr-fA*, mv7 

yy>7V4/i^ ^yyw s^y-oi^ ^yy7? 

(f, 7^/yf-*a, xf-/H-*£, n-7nt;H-^S, 

iso-^y^Wf-^S, 2-7^7"f-/Pf-Jl-g s 1- 
7^-^7f-;^^S. neo-^.yf-;l/f-^. l,2-^'7f- 
)V7u , l , i-$77 f-^r n tr;U^^S^^T 

&>*)VfHm ; 0!*fcr , 7x^tl. 4-7f-^7x 
-^f-3f». 2-7|^^7xX/Uf-:*^ 4-t-7f-;l^7 

v-^^^x^. 2-7"-r73r^/P;Jfx/WS^<7)7/Pv- 

^x;l^, 7 ±^)V^ist)iVit-)\^g$<ry7yiV*K 

[0012] 09*(f , 7 hdf S/AJtegzJUji hdf 
^x;i^ % lh^y*W-;M h^rv'*;^x;l^S, 

•7d^^^;^x;m h^^)V^-!Vmm<r>T)Va 

*isi})vx->vT)i-3*i,ij )],■$-, v& • mm, 
>u& : mm. v (7 h^xx-f/p) r $7 

^/^x;PS. V (xhdf^7f-/P) rS7^;P,ifx^ 
(Xhdfi/x^) T5 7^-Kx;i,S N y (7 
D^4f^xf-;P) T5 7^;^x/PS#c7)v' (T;W3^ 
vTlV^lV) 7$.J*)VX-)Vm ; fiUtf . h'x;PS. 
7P^x;US, l-7f-/H> iso-7f-/l-a. 
r-/«. 2-^y-rxyt^. 2-7^1-1- 7f-;«, 
3-7^P-l- fT-)^ 2-X*)V-2- 7T->m. 2, 
2-i^77 h'x;^ N 2-^7*7-2- jtf-^ikK^^ 
t'x;^ s 2-^77-2- ^f;W/l,*>t'r;l^o7 

[ 0 0 1 3 ] R 4 {4**R^ , ^77g , 7/^;P«, 



=? ; isTsm ; mm. jt+jum. x^/ps. n-roe 

iso-7°o£/l^ n-7f-/PS. iso-7>A-S, se 
c-r-f-^. t-T'f-;^. n-^yf-;!^, iso-^y-?-^ 
2-^f-;P^;PS. l-.X?7U7*?-n^ neo-^yf- 

cyclo-^yf-;PS. n-^v/wa. 4-^f-^yf- 
ivm. 3r^)V^yi-)V&. 2-*1->W<>1-)U&. 1-y 

f-/i^yf-A«. 3,3->\*^7f-/i<*. 2.3-^ *)V 

n-)Vm. *1r)V71r)Vm. 2,2- : J^)Vy^-)V 

x.^)Vfi-)vm. 2-^)V-f^-)vm. i-xi-^y^jv 
1,2,2- hvxwr+Mt. 1.1.2- m; t+tv?* 

1-X-J-/P-2- *j-)Vru\ZlV^ cyclo-^dfv;l^ 
a, n-'sTf-/^ 2-^f-;^^v;l^ s 3-y?-/^* 
i^/US, A-X+)V^* : y)V& > 5-XW\*is)l>m. 2. 
4-iSXf-)l^y+)m. n-*?1-)im. 2-x^-;^4fv 
AS, 2, 5- J"'* ^/l^v* v/l^g, 2. 5. 5- b 'J ^ f-A-^y 
^-A-S, 2.4-i^f-A-'v*>'AS. 2.2,4-MMf-A^ 
y^A-g. n-y-/H, 3,5.5-HJ;<*A-^*vA-S, 
n-f^«, 4-x^/M-?f'AS, 4-x^A~4.5- v*y 
^A^f-vA^ n-^yr^^S. n-Ffy;«, 1.3, 
5,7-rr^y^A-:*7f-Aa, 4-73-A-*?^S, 6, 

7-f;M-7-fA-S, n-fh7f^ n-^y^r^ 

a. s.s-vy^A^T^AS, 2.6-^^-;!/^^ 

2A-V*+lV*<r+)V&, 2,2.5 ( 5-rh7^f-^ 
*;/A-g. l-cyclo-^y^-2,2- ^'yf-AmtfA- 
S< l-cyclo-^dfv;l-2,2- ^f;P7nt;^^)I 

[0014] fllxfcf. "Cy^'AS, -hvKy^/im. 
v-TV^y^'A-s. tKo* v-^y^S. ^f;Ky 
v'AS. ^f-A^yi'AS, buyf-A^ys/Vi^ 
y'?nn^yy/H, ;>< h*i"<.yvA-£, xh*^ 
y^'A-S. h^A^tnyf-A^yvA-g. -?-7^-A/. 

xho-t7f-A-*f-AS. S'TV-T^A-^f- 
A*. t Ko*v-?-7^A<*?-A-g. y^A-*-7^Ay 

A^£;fla];tJf. 7x-AS. ^hD7x-;PS. 

A*. ^f;l-7i-yH. MM^-A-7xx;i^ x 
?nn7i-/H, y h^r>-7x-;Pa, xb^fv^x 
x/l^. h'j7;^0^^7xX;PS. N.N-v^A- 
7i77x-;«. ^7^AS, ^h0^7^A-S. ^ 

7/7-7?-AS. fc Kudr^77^A2» y^A-f-7?- 
AS; MJ 7 A-* ^-/W- y *>vm<nmm&T V 

v-fAS. ^v^-tatas. ^^'ttma-s. 
'f^ATA*. ^yy^-^AfAS, k>y+tv 

^yy>f s^aops. ^yV7?:^g x 
y K-f as$*>«*S«7'J -as ; «uif , t*-^ 
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rn-^x;^ l-7f-/PS. iso-7-fx/l^ 1- 

S. 3-yf-A-i- 7t-;i^S. 2-.xf-A-2- 7x-A 

S. 2.2-^7*7 t'x/l^ l-i/TJ-2- **)Vf))Vi$. 
[00 15] R 10 fcJ:lXR 11 (i7>ySiS^. TA-^A- 

s. t^a^as. mm&TV-)v&. mmmxrv 
-;us, ttiizTfri^i'&zmi. tt&L<te. 77 

sis^ ; enxtf. y^ua. x?-/i^ n-7°oe;i^a. 

iso-Tntr;kS. n-7^-;l^. iso-7-f/ka. sec-7f- 
AS. t-7^;pa. n-^y^;ta. iso-^.yf-;ia. 2- 
yf-;w7^;pa. i-y^^7f-;pa, neo-^.yf-;pa. 

cio-^yf-yps, n-^^fwws, 4-y^i^y^a. 

2-y^-;^yf-;i^. l-yf-;^ 

yf-;l^s 3.3-x^^7-?-;PS, 2.3->-'*-7-/P7-?-/W 
l,3-i?j*W7+A&. 2,2- : S*1-Jl>7'1-Jim. 1. 
2-y'yf-;P7f-;PS, 1.1-&X+a,7+m&* 3-xf-;W 
7f-;l^. 2-x^-A7^;U« x l-x^-/W7>/l^ 1,2. 

^^uyf-;^7f•;^^s i,i.2-hu^^7*f-;ws, 1- 

Xf-A-2- ^f-^7 , Dlf;WS, cyclo-^4r^;l^ s n-^s 
Tf-;P«. 2-XJ-)V^*i/)V&. -i-X+)V^* ! s)Vm, 

)]^yi-)Um. n-*?1-)\sm, 2-Xf-^^v-;l^ % 2, 

5-^f-;^^f>';i^6. 2,5.5-hUyf-^yf-;^ 
2, 4-^^-;i^vdf 2.2,4- h u y ^-;^y^ 
a, n-yr.;PS x 3,5,5-MJ*^/k'vaf>-;l'a. n-r^ 
4-xf-;^^f-;i^ s 4-x^-;p-4,5- x'y^-;^ 
n-^yr^PS. n-h'r^l^. 1,3,5,7-r 

jfy'f-AS. n-f h5f^H, n-^y?f^H, 3, 
2,6-^f-;^7°f-;l^. 2,4- 
^yf-;l^Tf-;PS. 2.2.5, 5-f h7^f4Aafy^ 

l-cyclo-^y^-;t~-2,2- V*1-)V?u\:)Vm^ 1-cy 
clo-^x/P-2.2- ^f*7*ne*i5Wffll. ^ 

[00 1 6] ^h^^a, XhdfxS, n-7*D 

^■^rvS. iso-7"n^df^S» n-7>^f j'Hx iso-7h 
sec-7h^xS. t-7hdf^a. n-^yh*x 
iso-^.yh4fvS x neo-^y h^f^S. n-^fi^ 
^■^^S. n - KT^^^>-S^)r;PrJ4r^S ; W 

Ky-jjvm. ~b^y ; j)im. i/rj^y^v 
h Yu^i/Kyi/)^ ^)i^.y=J)vm. V*+ 
)V<y-J)i>m, hOMi-iUKy^j^ itfuuKyiS 

■7)\,jtu*+)VK.yViV&^ +7+A,*+M&* -ho 
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s^-fTMf-THS. **7k*-7*jWf*«, HJ7 

hHadr>-7x^;^ .Xf-/P7xX/l^ y^f- 
/k7x-/i^ MJ*f-/P7x-/i^, y';Dn7i- 

7Wn^f;P7i^;«, N.N-^fvi/rS^xx 

t Fo*i"*-7f7l*. ^/W-7^*. HJ7 

[0017] *w»ohr* ( i ) 

it* i- C#S„ Mxtf, Journal of Chemical Society, 
Chemical Communication, 1994, 1129-1130£IBtt4)2f 
i6fcfl!i«S*L*HR« ( 2 ) (<ffc3 ) T-*£ftl>ft 

(3) (ft3)T*8*l*ft^HlM»Ut«l, 7.y* 



[00 18] 
Ht31 




(±5$+. Rj ~R 9 {iUEfcpJt. )aWS«!Bfcfflv^ 

attHtLm gis (m~3) izKttt, 

[0019] 
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9rf ISA 



X X O 
x x o 

X x o 



X X 



CD 

2 



§ § 

If 

ft 

1 § 



i 




0» O y- 
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[0022] ^sim^^s^ii^ -mmmm 



[0023] *8W<0^SIWS#* ; Ptt. -***>«ffi 

x. -m. < i ) x-mix&fc&faii.. jEfi&xmmss. 



(10) 



11-97 180 



*i<. ms&tttwm?&AmmLMzm\^ z t 

a. -m, ( i ) x-mtmtimt. mx-mix 

[0024] ^mm<n-m%mm=f-m^t ix 
it. m^sjet* i>cr>Tn%< , mm , < a > »«/ 

(01). ( B ) ISfii/jEfL££A^ail/IBKii/|^ 

s** (02) < ( c ) BtE/a^/mmajfssyi 
/mmm? (03) . ( d ) RM/asw/RMsa* 
? (04) «r^**w t *ik*«r*ft. sfetii, a# 
i£«^aL*i8&STi**&^iaof^Tfc6 ( e ) 

mjmm/fe&smf?- (05) it 
( d ) mvmm&t ixit. mmz-wmx-- 
tt<vmmtizm*2ttw<?>mw&mx'$>2>tf. 
«*, mm. ( f ) jEH&Ammfctt. m^^ax 
vmTmMmLftim&ztt-mmmx'-ttwnm 
ummittiw<nm? (06), ( g ) rnim^mm. 
&ft&j:Vf£m.ttt:m&z tt-mmmx'-ftcovm 
mmm^tzmmT (07) . ttza <h> 

<£ u^f&Ait * a^s tt-mmmx—ft 
emmmztmz&zsa&f- (08) #j>i>. 
[0025] *m<?ms&#&m?it. ztit>m 
?mmzm&i><?>x'tt%<, ^ti^iicom^m^zti^ 
x. mjs^Mmm. mm. mT&xwmmm 

mtfi:*)t&ZbtfX'$Z>. 4fc. zti?ticm<om=F- 

iza^x. m&xmmtmmbamtz. ejus* 

H&MffllbeMtz. ftfc&ftbtt&AmmSi.ftco 

m-&mmvz>zbi>x'i*&. x^tnLwuwrnm 
*x?frmm. (a) iff, (B)fiiff, (o 

(E)8WP, (F)S*?. <G)S£?4 
£tt(H)M9^T'&^ $£{=#4L<ii. (A)S 

[00263 ^«0*mjMui£*?fc lt«. «*. 

H. (01 ) ttS-f (A) l^^iE?L&A«ii*JI/llft 

(0i) tawc. umtL. 2mm. 3itiEiim. 
mm. A\mm. 5\$*mzmm. e\tmm. 

[0027] *mmwm%-mm=f-\±. ws. i 

»8*iTV»4ii:*W4L<. LXit. tt<cR£ 
i OTttfcv 3933: v * LfiajtJiS Z b tfjf 

(mm. xvxxr-fr. #v#-#*-h. xvxiv 



a*, zbiz, muz. mm. ty-yo^-m. 

hu->Ui-&Zbl>X'Z&. 

[ o o 2 8 1 ns2 b ixa. immmmvck^ 
if&ttciim^'mmkizmwmnt ixm 
Ht&zbtfiK&UK mBMismtiwtikitkix 
a. mm. &. m. m. ->y*vk 
^"7^, ?>7xt>^ mm. wt 

ITO My^A • x4 y • **1M H) s at 
•J**7x>\ tn-)l%y£m?lZbtfX'% 

v^4«RfffflLTfcj:^. ma. zti^mmn 
mm. m%m. wvfoyrw&nijmizx 

*). WfcnhizBm-hZbtfXth. 4te. ^«6Ji- 

mmmx't>ixi>£<. ht^tmwkx-h^xhx 
w mm<7)is-h®$msLit. mt<it. ma/n 

JJ1T. k^VftKit. 5-5 0Q/DBKfcia3&t 

HRfc, 5~10 00nmSjg, «k0ff4L<{i. 
1 0~5 0 0 nmgJStlft^tS. 
[0029] IBL&AfiSi&f 3fi. Hfli*^c7)jE?L (* 
n&AZ®%lztl®m. *JJ:t^AS*ifejEIL 
*«*t-*«Kt#tftft-6***ir*-*JB-C**. IE 
fLaAfi?SS«, *»»fc«*--«5$ ( 1 ) 

ft, ^y-N-t'^;^;^N'V-;kSI#ft^t') 

<bi>imm^xmtttzzbw?%z. jetl^a 

[0030] *HWfc*JV>TfflV^ffi<0jE7La^i* 
mZ#t& VC&Mlb IXit. hVTV -)VT 5 

(0Hxtf. 4,4' -b*X CN-7x-;U-N- (4" 
-^f-;P7xa;P) TSy] t'7i-/K 4, 4' -h* 
X CN-7x^;P-N- (3" -^f-^7x^/l/) T5 
h'7x-;k 4,4' -t'X (N-7i-;l,-N- 

(3" -^h^-/7x-;H 7$/) t'7x-;K 4, 
4' -h*X CN-7x-/U-N- ( 1"— f7f-;P) T 
573h'7x^;k 3, 3* -^f-;P-4, 4' -h* 
X CN-7x-;k-N- (3" -Xy-)V73:-)V) 75 
7jh'7x-;k 1, l-t'AC4' -( N, N->? 

(4" -^f^7x-^) 757} 7x-;« i^^n^ 
"M-y, 9, lO-tr* CN- <4' -P«^7x^ 
/W) -N— (4" -n-7>/W7x~rt') 757} 7x 
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•rWlsy. 3. 8-h'X(N. N-y'7x-^rS 
7) -6-7i^7xtyh'Jy'y > 
N, N-t*XC4" . 4'" -h'X( N' , N' -y 
(4-^f^7i-/H 757) t'7x-;l/-4--f 
W T-yy« N , N" -h*XC4- (^7x-;U7S 
7) 7x^/10 ~N. N" -y7i^-l, 3-yT 

5 7<y-t£y. n, n' -b'x C4- (^'7x-/i/7S 

7) 7x-;l0 -N, N' -y'7i-;l/- 1 , 4-5^7 

$7<y-fe*y. 5, 5" -bxC4- (bx( 4-7?- 

/W7x-/H 757) 7x-;K) -2, 2' : 5' , 
2" -^-f^7x^, 1, 3, (x'7x^ 
^75 7) ^y-fe'y. 4, 4' , 4" -HJX (N-# 
hU7x-;l^75y. 4, 4' , 4" -h 
UXCN-O"' -7^-;W7x-^) -N-7x-;t^ 
757] h'J 7x^75 1. 3, 
- (4' -^'7x^757 7x-;P) 7x-;l^75 
7)^y-t£y3ri:*) s tfV+*7xytsXV*0Hm 

sK U - N - V-^BHMW« J: 0 #4 L 
v\ *3MH(cBv^ HBW ( 1 ) "CXZHlttAQik 

jEaaAnaw+fcAAftHR* < i > -casns^ 

iwmdi** #4L«i, 0. l^4 0*ft*8ft(cM 

w*. 

[003 1] &*A4<i, Ifljs i WPcaaAWBL. 

*Ui, HftsS ( 1 ) T*3ti*ft64MsJ:tf/*fcti: 
ffi*»fcl^***4fiBtettfca* («itf . 7? 'J H 

yi$*ft. y f*r»*. 2timm&&to :m 
Hi, )V7vy. 7yhy*y. rhy-ty. bw-y, 
^yvy. ^y-fey. r^^^i^y. 3n*y, rb5 

^y'xy, 9, 1 0-v7x-/P7yh7-fey, 9, 

i o-bx (7x-/uf-/i>) ryvv^y. 1, 4 
-bx (9' -if-;i/7yh7t-;H <y-fe*y. 
4.4' -b'7. (9" -xf--;U7yh5-fe-;l/) t*7 

. W^^Jim C09x(f. h'JX (8 
-*7y75-M 7^$-^. b'X (10-^yV 
(h) *;VS?-h) ^'J'JW, 2- (2' -bh'n 
^fy7x-;K ^yy**-tf-y*-/P<OE§B^ 2- 
( 2 ' - b H ndf ^7 x ) *yy+7*/-A4)WI6 
4-bh'o4r^7^y> ? y^W n ^D . Xf/KV 
fSSftCfl&RJf. 1, 1,4, 4-fb77x-;P- 
1, 3-7^yiy> 4. 4' -b'X<2, 2-y7x 

-ii,t-)l>) b'7x-^) , tvyywmtmiMs 
?-?vyi. 7~?vy6. ?vyy7, ?-?yy30, 
?-?yyio6. ^^yyi38. ?-?yyi5i. 9 
vyyi52, ?-?yyi53, ?-?yy307. 



yy3i u ?7>jy3i4, ^vyy3 3 4. 
y338. ?-7yy343. ?vyy500) » b?y 
^Sft CWx-fcT. dcmi, DCM2D . **v/ym 
mtetmtli. -M^WtO . OVf-7y-A«W 
<yy3r#"tv-*BW*, ^yy>r 5 w-Mti 

- n - t*~;^^AV-;i/*5 -eosi?**, # y 

7xy£J;i/<ec7)f8Sft, ^'^xxpyiJit^coSS 
#y 7}U*uy& tvwfflito. ^'J7x-u 
ybx^yiUt^coiPSflc. -ifJt'7x^uyb'^ 
yfcitf-ttf)l?i##. tfy*-7 i-i/yt'^i/yfei 
tf-?-<ogi$fk ^y77f-^yb'x^yfc«ki^-ec7)^ 
ft. ^y^xx^yb'xwyfciy-e^iNlft^i:) £ 

[0032] *awwqirti«wi3iaf?fc:*jv^tt, % 
miz-w& ( i ) T*sa*fl:^****L'cv^i 
km 4 u>. ( i ) ?$kztiitt&mkm& 

( i ) •cmztiMk&bvymsK. mi< 

It. 0. 0 01-99. 999S*%SS, «k9#4L 
<{i. 0. 01-9 9. 9 9M«%gjg. 3fcfc#*L 

o. 1-99. gaa^SJttci^'ti.. 

[0033] *JMHK*V^rfflV^«jO»3e«W«W- 
Sft^ftfc LTtt. ^^Wta^Sm^J: 0»4 L 
V\ Wl^.{f> J. Appl. Phys., 65, 3610 (1989) . 
T5-2 14332<H«IWE««)J:'5fc, 

x h-ffc-^fefc yx ( H-^-y h) kx mm- 
&zki>X'%z>. hr* ( i ) -casfiifca**, * 
x htemk Lxm^xmmmmhz ktfx-% . 

§ fcfcli, yx h-fb^Jt LTfflV^TXJBi 
ikfcT**. HR^ ( 1 ) ■C*$*i*fc*ft*. 

H3t1x««^Jillftfc^tT, HKsS ( 1) 
ili-fc^fllt. »4L<Ji. 0. 0 0 1-4 0«l%g 
«t0ff4L<{i. 0. 0 1-3 0M%SJ£. Wz 

»4L<ti. o. \-ionm%wg.<m-th, 

[0034] HR^ ( 1 ) TftaiiSft^ftfcffffl^* 
«Jfitt*«77W5-'>A«fW»»4L<. S«i4 

«:ii*aBW) 8 -*7 y 7 5- b wm- 

Wa^JSHfti: LTti. ffgitf. HR^ ( a ) — « 

( c ) X'mzi\zf££&tm7>is$-vj>mmm? s 

(Q ) 3 -Al (a) 

(Q ) 2 -Al -O-L (b) 

Q{4»^8-^7y77-M2ffii i Srat. O 
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(Q ) 2 -Al-O-Al- (Q ) 2 (c) 

Qtea&s-^y'jv^-hlifti^Ji-r) 
[0035] fBKtt*«^Sm<OftftMi: l/Cli. m 
Hi. hVA (8-*7>jy?-h) r;PS^A. h 
U7 (4-7^-8-*7!/y5-h) 7/1^ >? 
A, HJ7 (5-^^-8 -*yy 75- h) 7/PS 
-»7A, HJ7(3, 4-^f-;W-8-*7U75- 
H 7;U5-»7A % MJ7(4. 5-^*7^-8-* 
y'J77-h) T/PS^A, M>7(4, 6-^7?- 
/P-8-*7U77-M T;P*^A. b'7 (2-7 
^|/-8-dr7'J77-h) (7x77-h) 7/1-5- 
»7A N b'7 (2-7f-/P-8-*7U7 7-M (2- 
*^7x77-H T/PS^^A, b'7 (2-7?-/W 
-8-*7>J75-M (3-7^7x75-h) T 

b'7 (2-x+)V-s-*;yj7-y) 

(4-7^7x77-1-) b'7 (2- 

7^;P-8-4f7U75-h) (2-7x-/P7x75 
-M b'7 (2-X+)V-S-*/»J 

7~M (3-7i-;l-7xy7-h)7/^-7^ 
[0036] b'7 (2-7^;P-8-df7'J75-h) 
(4-7x^7x75-h) 7/WS-'7^ b'7 (2 
-7^-8-*7'J7:7-H (2, 3 -^'7^7 
x77-h) b'7 (2-7^-8-^f 

yjV^-H (2, 6-^7^-7x77-n T)V 
$.=.*7l*. b*7 (2-7f-;i/-8-dr7U77-h) 
(3, 4-^'7f-;P7x77-h) T^S^^A. b'7 
(2-7f-;P-8-^r7U75-h) (3, 5-^'7* 
;P7x77-h) TfUS-VJ*. b'7 (2-7f7l^-8 
-= J py'J75-h) (3. 5-^*-tert-7f-;l,7x7 
9-M 7/P-$x>7A, b'7 (2-7^;P-8-df-7'J 
(2, 6-y*7aZ;P7x/7-h) 7/PS 
t'X (2-7f-;P-8-dr7'J77-h) 
(2, 4, 6-hD7x-^7x75-H 7/P$x»7 

t'7. (2-7^-8-df7U75-h) (2, 
4, 6-h'J7^/W7x77-h) 7^$^^, b'7 
(2-7^/P-8-*7D75-M (2, 4, 5, 6 
-Th77^"7x77-M 7/PS-'7i^ b'7 (2 
-7f-;l-8-^7U77-b) (l-77h7-H 
7/l^x-7A, b'7 (2-7^-8-*7!)75- 
h) (2-77h7-N) 7/l^^A, b'7 (2, 4 
-^7^;P-8-^7';77-h) (2-7x^7s 
7/PS->7A x b'7 (2, 4 -^'7^-8 
- d fyU75-h) (3-7x-/l/7i/7-h) 7;p 
5— "7i>>s b'7 (2, 4-^'7^-8-*7U77- 
h) (4-7x^;k7x75-h) 7^S-«7A. b'7 
(2, 4->-*7f-;P-8-^7U75-h) (3, 5- 
^f;P7x/7-b) 7^$X'7^ b'7 (2, 4- 
^7-f-;P-8-^f7'J77-h) (3, 5-^'-tert- 



7^7x75-h) 7;US^->A, 
[003 7] b'7 (2-7f-^-8-^7U77-h) 
7;PS^A-xi-^y-b'7 (2-7^-8-^ 
SVSy-h) 7/W$X'7A, b'7 (2, 4-^7-^ 
-8-^r7'J77-h) 7/P5m>A-/x->j-^y-b' 
7 (2. 4-^77^-8-*7U77-M 7/PS^ 
•7A, b'7 (2-7f-;P-4-xf-;l^-8-^7U 77 
-h) 7;l/5^»7^-/z-^y-b'7 (2-7^- 

4-X^-8-dr7U77-h) T^^-^A. b'7 
(2-7^-4-7 h^^-8-Jf7U77-h) 7 
/l/S-^A-ju-jJ-dfy-b'X ( 2-7^-4-7 h 
^r^-8-^7U77-h) 7/U$X'7 t ^ b'7 (2- 

77 v ;w-5-^7y-8-4fyuy 7 -h) r;i/$x»7 

i,-//-^y-b'7 (2-7^-5-i^7y-8- 

*yyy7-M 7^$^^ b*x (2-7^-5 

-Mi7;P3j-07f-^-8-^7D77-h) Tll-S.- 
«7A-^-^y-b'7 (2-7f-;l^-5-h';7/^ 
07^-8-^f7U75-h) 7^$x-7^t'S-^ 

\fhzttfx'%h. tola, m&m&mmmi. m 
?mixi>x<. *>&wimmixi> 
[0038] m^&Afss&i sot, fmfr^vn? com 
xi^ztmrn. tiT&xztitimTmm-z 

if 12. -MX ( 1 ) X*m*ix&itimt$i.V/$tz\m 

vmT&AmmmiGt&itii® mm. ?mm 

^fttmili. HJ7 (8-^71177-h) 7;kS- 
■7^ b'7 ( 1 0 -<yywi *;vs?-h) <vv 

ft. *y*VV>imft. isy*-n* yyumft. ~ 
YuW®?)VJ[\s;ymmft. *h*Vy>is**WY 

t&iMlfc. -W&i ( 1 ) x-^tit^t^mi^ix^ 
&z\ttfntu\ -m; ( 1 ) x-mtihit-smtfo 

ztiMt-&m<7)®fete. mt<te. 0. imm%&. 

±. J:0»tL<{i, 0. l~4 03fct%Sft, 2t>t,z 

mi<&. 0. 2~3oa»%^ ®izmi< 
(i. 0. 5^2QnM%m.{zmm-h. *muzt>^ 
xa. ( 1 ) ?i&ti2>itit®tim£mm 
:mm. fne-« ( a ) ( c > t«$k^ 

[0039] m*6 1 txit. itmmmmco^^ 
&m. it&ttz&m&mmb&mzwmMbixtii 

JfJ-tS Z t Wftt ^Izffi^hWffiimb LX 

\t. mm. y^->7A, tywj>4&. t 
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^y#>\ 4 r;P5->>A. t^s-^a 

-yf">A£A. 7Jl>$.-*7A.-ti)H" i ?J*-&&. 7^ 

[oo40] fmit. zti^nmmmz. mm. m 
mm. xA^ijy^ j*y<mmm. Msyrv 

It. mmt-M®mX't>^Xi>i<. ft&VKi£JHI& 
r&oTfcJK ft. Stops'- MSlSfiBi. »sq 

t hnmm<rm mz t «t s -miz , 5 ~ 1 0 0 0 

nmgg. XVfttLKit. 10~500nmgjgt^ 
ft. ««WHmE ; W)5BC*SMsJ:<W'){B 
tfcMz. IW4fcl4IMfe0iJ«Sr<fct-*O»K*«» 

xemmtfi 0 xuhfc «k 5 t^ifiwfm. j?* 

[ 0 0 4 1 3 *J»»*IIWHl3BrFfclsviT 

\t. t t-i+fc, -wmmt^y^- 
xit. mzmMthi><?)xitt<. mm. ivvvy. 

- y 7;H&ft . -/M VKy^/y y y£ i'Wf 

xyi-v-ifi&Gztix^&mbLxit. mztm-ti 

t<0Ttt*v^, #4U<tt, JteOTSfcttjEJUfcAl* 
aWT*0, iOffiKtt, IE?LiiAf§fiIJlT'S>S. 
ft, Witf. 3E?LaAIBJS»fc:-afflM«^xy-f- + - 

**rs*is* maAtii) mm 

S£ftfiW0. 0 1~5 0M%, #£L<ti:. 0. 0 
5~3 0fi*%, X*)mL<it. 0. l~2 0fi»% 

[0042] jE^aA^iss. mM. WT&xmim 
com&jmizmixit. &< l z®5£fz>i><?)X'it%<. m 
m. M^mmm. 4*vmmm. mwm^m (mi 
it. x^ya-hm. **zy>m. r< -yra-hm. 

rt-v-hte. u->l>3-b&. yyy$.*7 -TuX 
■y hffi^t*) fci 0«K*»ftt*i4:feJ: 9#SStl> 

nmm^mt. mzm^tihmt^^ 

10-5 Torr fSKlTFOESTT. 5 0-40 OXinB 
W#-h&g (3&i2Sia£) , -5 0~3 0 0-CSJ&W 
&&m.X\ 0. 0 0 5-5 0 nm/sec SS<7)H«I 



£-C0SS6t4.Ii:##£U>. £<7>i§£. iE?iaLAfifi* 

it. mm. ^f-&xm&m<?>m\t. kstt. a 
tt ixmti ztizx*). wmz-mmv&wt 
%mm?zm&?zz:btfx'zz. ngmsmzx 

[0043] jg&f&fiac j: o . fmt*#&. 
zm*Mtthm*>hwt*v>mb>u y?-mm 
mmmm. tnwmzitxmmb-ti. je 
n&mmm. mm. m?&xmmcomizmi 
ohj^yy-imb Lx\t. mm. ^u-N-t*- 

;l^AV-/k XVTVU-Y. XVx+vy. XV 
tf*-K iKUTSK. ^'J-f5h\ ^'JT$H>f 5 

srw-f xv^-T-)VX)V7*y. dcyr-yy*5 
y&Z.VZ'Vmfe. xvi-3L-\,yV-vy&SLV* 

mt. mx-m txi>x<.s> iwmmm lx 
[0044] msmmzi; o . #i*m-ri>^, 
xs^«nmi ^-9-^, 

r^y, h;wxy. ^fv-i^y, xf;K^y> 1-* 
y H x+n,x.+/Why > **f-)V4V71-iVyYy > i/ 

?n^*vsym<7>yhymm. mm. vfazix 

9y. ?no*M, T-YvfuuXfy. y^oni 
?y. b^oox^y. fh7?ooi^y s ?on 

7P-feny;wy x x.T\sy?Vzi-)V?g(?>T)Va-)Vjm 

m. mm. ^u-fA-, fh^tpn??^ 

v**-9-y. rxy-^cr)x-x;^?§^. Witf, 

N, N-v^f-;|/*;UA75H. N, 

h75H. 1. 3-3** 

2 - s yv y i^v y . ^ ^^^7 * im 
[00453ft. ^-r^^st lxm. mzmm-h 

i>C0X°it%\W. mm. ^ 
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Mt&ZbtfTZ. -jftfcli. o. l-50fi*%g 
# ifc L< fcL 1-3 OM%gj£<Di§i®ft£T*fc 

^teli, *J*4H3|»fc*fLT) . 5-9 9. 9M% 
Wt KtKii. 10-9 9a*%gg. iOSf^L 
<te. 1 5-9 0M%mK{=iS^t4. 

[0046] wn&mm. mm. m^mmm 

fc, 5 n m- 5 ;u mgfcfc:R}&$-4 Zbtflfti U\ 
2\ 0«*.tf, ^77^y. ^57^, Way* 

-xymmT-mm.mz%\ ixmti zb# 

tf'Jxx-f/K !t?y#-**-K JlfUTSK, iK 
V4 S h\ >KUTS 1*4 $ H. JKU^^^Wy, #y 
x^^y, iffy^x-l^st+IM H) . itt&ffft (fl 
itf, r4**>-KWL 7*^7 r* 5/!/ a. m^Oe 
8^7^, ^JBCSMbHi, ^BUaHCft. 

bh^immmixi>^\ mmt, -mm 

[ 0 0 4 7 ] . HCftHli: LT . MtH. &Jg 

imur (w^{f, Kftr;P5x^A)i) , &my>yim 
*wt*ikfc*«. «s. Mitr % rub* 

[0048] ttMBOttHUHBiami. H&fc. E 
SWiIl<0*Pi: vWXBBSifc 

[0049] 



mmi 

%Z20 0nm<VlTOmBjmm (HW) 

X3SK£, >WKJH1 7-feh>\ x*/-/i,£fflvvtjfi 

*<vmzm#z&mxmi. $ 

KfflJtUlft, MM®* 3X1 0-« Torr fciMEW:. 
i-f, IToagHMLLfc. 4. 4' -t*XCN-7x 
— N - (1" -f-y+Ar) 7$/) t'7x^t 
^*3LS0. 2nm/sec T'7 5 nm£7)JS§ t^L, 
iE?L&A*&iiyffc Lfc. Jfcvvc, f(OlC s hUx (8 

( i - 1 ) (OTs Htit m««9Rih»>&. mm 

SLS0. 2 nm/sec T5 0 nmCO&ZiZ&Mm (MM. 
ifclOO : 0. 5) U IftJCltLfe. hUX 
(8-^/>J/5-h) 7;P5xi7A*, ^*^K0. 
2 nm/sec T5 0 n mOJP§ KIBtU m^J±A^jM 

SO. 2 n m/sec T' 2 0 0 n mcO/f $ (C*^ ( MM. 
Jtl 0 : 1 ) ixmt L. ^m^fBlSH^tf^L 

?t. fwtfcii«wjHtei»?fc:, ^#amT, 1 2 

VVm&MBZmBlfcbz:*}, 58mA/cm ! COM 
a^SEfUt. »S2 2 4 0 c d/m 2 <?)#1ife(0lBt*i 

[00 50] HK^J2-14 

MlWlfctJlrVt. *3M^»*tllLT, ( 1 

- 1 ) *ttfflt6ftb OC, ft^M (1-2-1-1 

4 ) srffiffl Lfejawi, mmm 1 tfEH^ati 0* 

m%T. 12V<0*a«Et9aBLfci:i%, *Bft<0 

[0051] jt«mi 

-D2r«fflWc, h'jx (8-^yy/9-h) 7 
[0052] Jtl2M2 

-1) fcttflW-SffcbOfc. 1. 3, 5, 7, 8-^y 
^■f-;P-4, 4-y'7;^D-4-^7-3a, 4a 

SPFte. Se<SHffl^Ts 12V<7)ittgS®E^9jjiiL^fc 
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[0053] 



[*4] 





m 






(cd/m' ) 


(m A/ c m 1 ) 


mm 2 


226 0 


60 


mm 3 


2240 


54 


4 


2230 


6 1 


mm 5 


226 0 


56 


SUfiflj 6 


2 3 2 0 


5 7 


mm 7 


2250 


5 5 


8 


2300 


56 


sssw 9 


223 0 


5 9 


mmio 


2290 


5 5 


mmi i 


2350 


55 


$80912 


2300 


56 


mmi 3 


2260 


60 




232 0 


6 1 


JfcttWl 


1170 


82 




155 0 


60 



[0054] mmmi 5 

J¥$2 0 0nm<OITOjgB)m® (BIS) 

+ttaa«. r*h>* x.?/-frzm^xm 
izmzuz®. mm$3x i o-« Ton- izmiK. 

t-f. I TOIBIftiC, 4, 4' -t*^CN-7x 
n;P-N- (3" -^f^7iZ/H 7Sy)t'7i- 
mmmo. 2nm/sec T7, 5 nmOgSKII 
*U ITUiAi&i&lfcLfc. fcvve, r-U 

x (s-^-yyy^-H r^-^A^-ffc^i ( i- 

23) Sr, 36*&KO. 2nm/se 

c -C5 0nmcOJI$t^« (MJtl 0 0 : 1. 0) 
U fBfllfcLfc. <«C. MIX (8-*/l>y5- 
M T/US-^ASr. g£t3L£0. 2nm/sec f 50 
nm<3JS3fcS»U «^aAfi?iHSfc Lfc. S^fc* 
^)±fc. -?^*i"7Afc&£3S#SLgO. 2nm/sec 
T'2 0 0nmc7)©§(:Jt^* (Mitl 0 : 1) IX® 

mtt. Gmwiim&Fteimiii. asm*, s 

IPWtSmc.' (SWMBTF. 12Vtf)lt5&mE££G&n 
Lfcfc£4, 5 8mA/cm2 omgJtfSSrifc. MXl 
9 5 0c d/m* Offll&afblttfllB«t*lfc. 
[00 5 5] H&0IJ16 

«32 0 0nm<OITO»IB«S (US) ZH?&#7 
ZXRt* +ttft». T±h>, x^y-A^M^T« 



fcllfiLfcflk, ^*«S:3X1 O-e Torr fcjiEUfc. 
*-f, ITO^«ffitC, 4,4' -t'X [N-7x- 
JU-N- (3" ->f^7i^) 3 t'7i^ 

Sr. ^^i$«0. 2nm/sec T7 5nmOW3t3l» 
U jEfl&ANfigJIfc Us. »vc, *»±fe. fc'x 
(2-.Xf*-8-*/y/9-M T^S-^-At 

-sr*y-tfx (2-^f-iP-8-iapyyy9-h) r 
n-s-T7Afcfc#B3(i-2 7) mr*i»aw» 

jKffitKO. 2 n m/sec ?5 0 nm?)J*3(C&K 
* (**H:l 0 0 : 2. 0) U JBKIIkLfc. Kfc, 

hj* (8-*yjy5-H r;P5-^ASr, i»3E 

SO. 2nm/sec T5 0nm«I8(3l»U 
AfSS:*/Ii: Lfc„ S&(c**>J:fc. "7/*i/Wti* 
ISWUE0. 2nm/sec ?2 0 0 nm0«3lZ&K* 
(rati 0:1) LTBWfcU *««^f^^2r 
MILfc. Jitttt. 3l*»o*E«B**ofc*4 

T. 12V*>«S«EfcBiai!Usi:£*. 6 0mA/c 
mi cr)%.m<miK. »Jg2 0 1 0 c d/m* <0#H£ 

[0056] mmmi7 

J*32 0 0nm£>ITOa!l]tff (HMD 

XS^Sr. *ttffifl« 7-fer-y. x^y-^fcJBWOH 

(CfflSLfcfiL &E»£3x 1 0-6 Torr CSELfc. 
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t-t. iTommmm±^ a, a' -t'*cN-7x 

-;W-N- (3" -X*)V7±-)V) TSy] b'7i- 
M%m&0. 2nm/sec T7 5 nm^Jf 

(2, 4-^f-;W-8-^>";>'5-h) T/PS-f 
A-/z-^y-h*X (2, 8-+yy 
75- M TA-Sx^tftllft (1-16) Sr. J«r 
S3^ra§b&»& , mfjftKO . 2 n m/sec T 5 0 n mCD 
W«J=*II» (MMJtlOO : 4. 0) U Hftlfcb 

fc. <wc. hux (8-=3f/y/7-h) tjus-vj* 

ig*jSJ£0 . 2 n m/sec T5 0 nm<50Jf 

'T'AfcflteaMfig&O. 2nm/sec T2 0 0 nnKOJ? 

(SftJfcl 0:1) LT&ffii U *«!SISL 

*S^ffl^Ts 12V01t8nKEfrBttDLfci:;*, 6 1 
mA/c m' OVSK*(&flfc. KKl 9 7 0 c d/m* 

[0 0 5 7] jOWf|18 
W32 0 0nm<0ITO»!W« (NM1) 

>frtt8tt>L T-fehy. x?/-/P£fflOTjg 

tefflfetfctt, H«F«£3X 1 0-6 Torr 

t-r, iTommmuc* 4, a' -tr*CN-7x 
n — (3" -^f/P7x-;n rsy] t'7x- 

&*£K0 . 2 n m/sec T7 5 nmcOJf 

X (8-*7U75-M T/I^x^Ht&ft ( 1- 
29) fc, JlfrtftlMa>6. H«af«0. 2nm/se 
c t5 0nm^CMf (Mitl 0 0 : 1. 0) 

±fc. 7^*Ss9Afc1ttJ|gaaK0. 2nm/sec T* 
2OOnm0«£(C&|K* (MUfclO : 1) LTRIS 

5 8m A/cm 2 tfHSHWufc. fltKl 9 
5 0c d/m 2 <0#:|ffe^3fo»fg£;h.*:. 
[00 58] Xftftl9 

US 2 0 0 nmcT) I TO^SH (US) £1rM>#:7 
XSK*. *ttifc#J, x?/-**JlvvcM 

fcffl£U:t*, mmm3X l 0-« Torr (CjiELfc. 
**\ ITOJiBBmht, 4, 4' -t'*CN-7x 
x/k-N- (3" -**1V?3.-1V) 7S/) t'7xc 
I'fc, 3g^££0 . 2 nm/sec "C7 5 n m<*)JI§ K3g 
»U jEJLSAftaHteU;. *wc, 1, 



1, 4, 4-fh?7x-^-l, 3-7?/'x>-£, 
M$tffl£0. 2 nm/sec TSOnmOWSfcietU 

fsjeitixfc. &wt% **>±(c. mj* (8-*/y 

75- H T^Sx^Ai: <ffc£ft (l-l ) 
MMm*t>.mM&g.O. 2 nm/sec T'5 0nm«0Jl 
Sfc^Sif (fiUtl 0 0:4. 0 ) U m?&A«Si£ 

SLSO. 2 nm/sec T'2 0 0 nmOJPSfc^sS* (S 
JUtl 0 : 1 ) LTUffifc U *««JW&)e*7*fEK 

Lfc. fWUfcSWJWIMSam:, ftftSWBjin^ 1 
4VOitS®ES-9tJnt3ti;C-5, 5 2mA/cm 2 (7) 
^SStfiSh-fc. »Jg2 2 7 0 c d/m 2 tf>WfeOS££# 

[0 0 5 9] HMM2 0 

J¥§20 0nmc7)ITOSHJSS (Rff) £*-f§#5 
(ftt^FJ, T-fehy, x^y-/k^fflV^@ 

4>fcuv/*yyft*ufc«, m%im<7)mm*fry- 

teHJELfca, ^3f«fS:3xl 0-6 Torr fciSELfc. 
*1\ ITOa?««J:fc, 4, 4' -h'^CN-7x 
-^-N- (3" -X1-)I73.-)V) t'7x- 
^#jSJS0. 2 nm/sec T*7 5 nmtOflE^^ 

ft (1-14) JMB1K0. 2nm/sec-C50n 

1, 3-t*XC5' - ( p -tert - 7j~)Uy x ) - 
1,3. 4 -**"*5>7y-A'- 2 ' -AJV^KV^y 
§Ts ^*il[K0 . 2 n m/sec T*5 0 n mtfDJ5§fc:^ 
L. H^AifJiSJit Itz. $^>(C^O±tC N 
"7^i:ffiS:^«aftO. 2 nm/sec T'2 0 0 nm©S 
Zizmm (SMitl 0:1) UTI^ffit L, 

*I#H5\T. 1 4 V<0tta^E$- MnL^fci^. 4 9 
mA/c m 2 0)%fiUPmUZ. MBl 1 9 9 0 c d/m 2 

[006 0] HMM2 1 

J?§20 0nmOITO^HJ^i (US) *3tth$=7 

xmfcz. *mm. r-tv>. ^y-jv^m^xm 
6«cuv/*y>a6»Lfc«, M«^soa«*;i/y- 

fcffljetfctt, ^«i&3x 1 0-6 Torr teHELfc. 
£-f. I TOjlBB«S±t. ^ft (1-10)M 
*&£0 . 2 nm/secT*5 5 nmOJf $(C|Hlt. ^ 
3OTktfc. «V»T, -eo_B:, 1, 3-t'XC5' - 
( p-tert-7f-/P7xX;H - 1 , 3 , 4 
TY-tU-2' -4)l^KV*£y*^ mmmmO. 2n 
m/sec T7 5nm««S(c3|B»U tt^SA^Silt 
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0 . 2 nm/sec "C2 0 0 n m^JIS fc£|g3t (Mit 

10:1) ix&mt u ^wmm^tm^imL 

V^EffilfffcEpflllL*: 68mA/cm2 
mffitUZ. 1 1 5 0 c d/m' (O^Bfe^H^ 

[00 6 1]Htefll22 

JfS2 0 0nm»ITO3afflWi (»S) fcWtl.tf? 
+tt8BW. x^y-^JBv^T« 

50000), 1, 1, 4, 4-fh7 7x-^-l, 
(li&mtm) . ?V'Jy6 C" 3 
- (2' -<yVf-TVU;l/) -7-5*x**T$y* 

?'Jy" (*§te?)?ift)£#) ] . jsitflfcfc* ( l - 

5 ) -5-iimSfiJt 1 0 0:5:3: 2e>m&X'£ 

a-hJSfciO, 4 00nmtf>»3fc«&jft*U:. « 

*/W-fc:|fflei,fct*, Ht»£3xi 0- 6 Torr (C« 
EUS. «3W<0±fc, 3- (4* -tert-7* 

Wi-;H -4-7x-)l> 5- (4" -t'7x 

- 1 , 2 , 4 — Ml §S£&£0 . 2 
nm/sec T*2 0 nm^Jf JKjSIWitt. 3 

hvx (8-4fyjy7-h) r^sx***. 

0 . 2 n m/sec ? 3 0 n mOifS ££* LH 

A £ JK*3K 0 . 2 n m/sec T* 2 0 0 n mtf>JP3 fc£ 
INF (fifiJtl 0:1) LTPifiiJ: U ^S^#H3^ 
*fcfWU:. Ktttt, ll^«<08flE«SS£«ofc 
*4S9tUs. fWLfc*BWHH5#Flc. S&*S#B 
JRT, 12V^ttactff«rBJJnUfci:i*. 74mA/ 
c m* OtSbPatflfc. fflS 1 2 8 0 c d/m* <96£ 

C0 0 6 2] Wt«2 3 

« § 2 0 0 nm<0 1 TOjMNW (US) t^thtfy 
xmi*. «WBBH. x*y-MfrJHwcjB 

fc, ^U-N-h'-;^;P^V-;l/ (ilWil 
5 00 00) , 1, 3-fX C5" - (p-tert-7* 
;W7x-;l/) -1.3. A-** j n?TV-)V-2' - 

4*0 ^y-ey&xvit&fa (i-35)*, *ti?ti 

S&it 10 0:30: 3 3UX^ 
0 0nm<7)f&#l£J&£U:. <JC*C, £<3**1*#*- 
H*»£3X 1 0-6 Torr fciMEU;. Sfclc, % 



*l*>J:fc» H*&£0. 2nm 

/sec -C-2 0 0 nmOH$fc£ag5t (fiitfc 10:1) 

«W!HI)HHFfc. WkWmT. 15V<oESSmE 
SrMuL^t^^. 7 6mA/cm' tfflBStfatflfc. 
m.\ 3 6 0 c d/m* O*efe<0fl3t!W8iESil^. 
[006 3] Jt$xW3 

«tW2 3fc*3Vvt, **H*»tt£W*L"C» fc&fa 
(1-35) AftbOlC. 1. 1. 4. 4-fh77x 
=*-l, 3-^s;xyftttffltfclSM«4. HUM 2 
3lc|»«^fcJ:9«ll«!IW3^*fWUfc. 

ffi2r9ttDL^fci6, 8 6m A/cm* ctfggfo&sgyt 
fc. »S6 80cd/m2 m^<r>WUmU^iX^. 
[0064] HKM2 4 

«32OOnm0ITO&gra& (HM) ZttZXy 
zm&Z. #m&L T-tby. x*y-;U£Jflvvtg 

6fcuv/*y>u»ufc. act. iTosHjmh 
(t. #y *- h (mM.¥$>fr?m. 5 0 0 0 0 ) . 

4, 4' -t* CN-7x^-N- (3" -j*+A,7 
x.-Jls) b'7xxy|/ x h'^ (2-^^-8- 

^yuy^-h) r;^-^A-ju-^y-t'x (2 
-^^-8-dfyu/^-h) r^s-^Afciix-fb 

^B) ( 1 - 7 ) £\ **l«lfflUfcl 0 0:40:6 

0 : *3M%S>?anx*>»Sfc 
fflV^T. r-f •/T3-h^i0, 3 00nm<O5BK® 

«9B««)»K*^-fcaStfc«, ^*tt* 3 x 1 
0- 6 Torr (C*EEUS. S^t, IBfe®^±t. V/* 
>"7AtH5r. ^«JIS0. 2nm/sec t200nm 

^wsfcftnat (fiiiti 0:1) Lxmtet 

^. 6 6mA/cm2 OVSU^tM^. »«107 0c 
d/mz OjM8fe»3WbWIBS*lfc. 
[0065] H&0I25 

IC> ( 1 - 1 ) mmm&0. 2 nm/sec T 

1 oonmoJisfciSiru:. -mi/v* 

kf&Z. H*3$S0. 2nm/sec T'200 nm«DJf§ 
ic^V (fi«Jtl 0:1) LTBI®i: W:. W. IS* 

rtMKLfcki*, HMfcAtc, ( l - 1 ) <r> 

[0066] 
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£H0l2 5fcJ3VVC, (1-1) OftbOfc. 

1, 3, 5, 7, 8-^y^^f-;P-4, 
o-4--f5-3a, 4a--;7f-s->f y^-tryfc 

NHfcl, 3, 5, 7, S-'OtX+iV-A, 4 
-y7Wn-4-4f5-3a, 4 a-^'7-f-s ->f 

>^*>*>fWtorocf!IJIl,, IWfc^WAtt^HT 
[0 0 6 7] 

[an #m4Ufc%*?a i m (a) nrnmmm? 

[02 ] fflMIMfc&RTO 101 (B) OilB&«iS0-c 
[03] *ffltft%%*7*> 1 « ( C ) OflMftftH-C 

[04 ] #mui%%*7«> 1m (dj omn&H-c 



[05] *m#%%*?*> i w ( e > oniB&fgiiia-c 
**. 

[06 ] *iKffR£*??> i m ( f ) oiiwniBrc 
[07] «ttimK%»roi0i (G) oflmftuaT 

[08] fflKIMftftftTaift (H) OlMMttBr? 
**. 

1 
2 

3 : E?LiiAi&3*« 

3 a : jEJiaAIKaW* 
4 

4 a : fBtffcfr 

5 : «*iiAiifi8* 

5" : m^mMmm 

5 a : «^ SAftiMtf 

6 :|*& 
7 



[01] 



[02] 





[03] 



[04] 
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